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ABSTRACT 2. STUDY BASIS
The paper deals with the results of a study on a 
Sortie Lab/Pallet system as possible outfit for 
the Space Shuttle. The work has been performed by 
a European team under the Prime Contractorship of 
ERNO, Bremen, for the European Space Research 
Organisation (ESRO). After a short introduction 
on the overall situation, the paper discusses the 
study basis, the concept selection and some de­ 
tails of the selected design. Finally advantages 
and disadvantages of the concept are summarized 
and some remarks on the current situation made.
1. INTRODUCTION
In connection with the US proposal to Europe, to 
participate in the Post Apollo Program, Europe 
looked into three areas, the Space Shuttle, the 
Space Tug and the manned Laboratories, partly by 
delegating engineers into the respective US study 
teams, partly by own studies.
The European Space Research Organisation awarded 
in this connection in May 1972 three parallel con­ 
tracts on the "Preliminary Definition of a Sortie 
Module/Pallet System" to groups, which were based 
on the three consortia MESH, STAR and COSMOS, 
which are competing for the ESRO satellite contracts,
The studies with a value of 2^0 000 Accounting 
Units (1 A.U.*»* 1 j& at that time) were originally 
foreseen as feasibility studies, extending from 
June 1 till December 31. However, US-European 
consultations during June 1972 made it clear that 
from all three possible areas of PAP-cooperation, 
only the Sortie Lab/Pallet task seemed acceptable 
for the US furtheron. Therefore, ESRO redirected 
the study in July 1972 towards a phase A study 
with a closing date of November 15.
The paper summarizes the work, which has been done 
by the extended MESH consortium under the prime 
contractorship of ERNO Raumfahrttechnik GmbH, which 
is part of the VFW-Fokker Aerospace group.
Due to the fact that most of the European member 
countries of ESRO contributed to the funding of the 
study and that they therefore expected that also 
their industry would be involved into this work, 
the prime contractor had to perform this study 
- which is clearly inside the capacity of each 
experienced space company with perhaps one or two 
specialized subcontractors - in a relatively large 
team.
Figure 1 gives the study team and the tasks, which 
each company was charged with according to related 
experience.
The objectives of the study had been to define a 
space laboratory, which consists of two different 
kinds of payload carrier elements:
a pressurized manned laboratory module and 
an unpressurized observatory platform 
with the following overall guidelines:
minimum interference with the Shuttle
flexible to variations in Shuttle character­ 
istics and experiment plans
accomodation of multi- and single disci­ 
plinary payloads
rapid response for users
economic in development and for users
minimum schedule risk concerning development
Since the experiments are the reason for the mis­ 
sion, a major input for concept definition are the 
experiment requirements. Roughly 120 experiments 
defined by the customer and by own work in the 
material science / space manufacturing area have 
been reviewed and then grouped into disciplinary 
payloads.
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Figure 2 gives the result of such grouping, which 
indicate the requirements of interesting payload 
combinations. These requirements have to be met at 
least, to allow the Space Lab to be used efficient­ 
ly for different scientific areas. Combinations 
are possible if higher capacities exist.
Figure 3 gives further details important for sub­ 
system design. However, it has to be taken into 
account that hopefully a manned Space Laboratory 
has an experiment lead time per mission of less 
than 2 years and that the design should serve the 
experiment ideas of the period 1980-90. That means, 
a number of changes will take place on the experi­ 
ment requirements due to better experiment defini­ 
tion and the results of the first missions actual­ 
ly performed. Therefore the current experiment 
requirements are Indications, what a Space Labora­ 
tory has to be capable of, but no stringent con­ 
ditions.
. CONCEPT SELECTION
A number of concepts have been studied. However, 
in the basis of trade offs, the detailed review 
process was centred on the three concepts shown in 
Figure 4. Concept 1 asks for the development of 
one standard Sortie Lab and a Pallet. But it does 
not make the best use of the available space of the 
Shuttle cargo bay for different missions. Concept 2 
amends this by the development of a second long 
Sortie Lab, however, asks by this for a higher de­ 
velopment expenditure. The compromise seems to be 
a Standard Lab with extension units, ailed 
"Modular Space Lab".
Figure 5 summarizes the advantages and disadvan­ 
tages of the solution with and without extension 
units. The extension unit version clearly extends 
the versatility and flexibility of the Laboratory. 
The leakage rates are higher. However, careful 
analytical studies and literature survey has lead 
to the conclusion that the leakage rate can be 
kept in an order of 100 g/seal/day which does not 
pose any problem in the framework of the Shuttle 
payload capacity.
For costing, development cost as well as operation­ 
al cost have to be taken into account. The ope­ 
rational requirements have been specified by a 
NASA mission reference plan - Figure 6 - indicating 
type and number of missions to be used as study 
guide.
A comparison of development and operational cost on 
this basis for Concept Cl, C2, CJ> - Figure 7 - is 
showing the trends expected. The Standard Sortie 
Lab/Pallet has the lowest development cost. How­ 
ever, the other concepts lead to reductions in 
operational cost and by that In total program cost, 
since some of the indicated missions can be per­ 
formed with one Shuttle flight instead of more due 
to the fact of better utilisation of the Shuttle 
cargo bay.
The conclusion out of these technical and cost com­
parisons was to concentrate on the Modular Space 
Lab as a preferred solution. In accordance with 
that ESRO redirected us to consider only this con­ 
cept in the last month of the study.
4. THE MODULAR SPACE LAB
It is not possible to go In this paper into the 
detailed trade offs and block diagrams. Instead it 
shall be tried to give an Idea of the basic design 
of the Modular Space Lab.
Figure 8 is showing the Module structure and some 
details of it. The main pressure vessel of the 
Modular Lab is of skin/stringer/frame construction. 
It is made up of eight segments which are welded 
together. The front bulkhead is attached to the 
main shell via a machined ring which is welded to 
both, the main shell and the bulkhead. Both end 
cones will be of skin/external integral stringer 
construction. Special provision Is made to allow 
an extension of cylindrical structure beyond the 
aftcone in order to provide the possibility for 
good connection to the Pallet.
The floor is of sandwich construction supported on 
longitudinal and transverse beams. All floor panels 
are easily removable and the centre gangway will be 
of grid construction for easy visual inspection of 
underfloor equipment.
For seals, Butyl rubber 0-ring seals are proposed. 
For meteorite protection a bumper system of 
aluminium with additional protection over thermal 
radiator tubes is foreseen.
The thermal control subsystem - Figure 9 - consists 
of three separate, but related functions
heat absorption
heat transport
heat rejection.
The heat absorption-function consists of fan driven 
air with provision of cold plates for special cases.
The heat transport is performed by a dual fluid 
loop system, utilising water as heat transfer fluid 
within the pressurized part, freon outside of it. 
The freon loop transports also the heat from the 
fuel cells and run through a radiator which is the 
primary mean of heat rejection.
Closely connected with the thermal subsystem is the 
environmental control and life support system. 
Figure 10 shows the layout of the air recondition­ 
ing system and a possible air recirculation system. 
For C02-control a Li OH absorption system, for 
humidity control a condensing humidity control 
system is foreseen. For C£ and HQ supercritical 
storage seems to be best, for N2 high pressure 
storage. Trace contaminant removal will be per­ 
formed by absorption and catalytic oxidation.
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As primary electrical power source a fuel cell has 
been chosen, generating an average power of 7 kW. 
Reactant storage provides a basic energy capability 
of up to 1000 kWh. Auxiliary power storage is pro­ 
vided in the form of two 250 Ah AgZn batteries. 
The different elements are presented in Figure 11. 
Power distribution will have an AC and a DC-bus. 
The power conditioning is hybrid, centralized for 
AC and federated for DC.
Figure 12 is a sketch of the Communication and Data 
management system. It consists of one central pro­ 
cessor and four special processors with a central 
control and display console. For check out and 
control three priority levels exist: emergency, 
caution and warning, managed by the processor 
system and a hardwired caution and warning system. 
The major storage device will be a magnetic tape 
system possibly an improved SKYLAB version.
Figure 13 shows the overall arrangement of the 
Module together with a mass break down.
Figure 14 gives an idea of different versions of 
the Pallet. According to the trade-off analysis re­ 
sults, the aeronautical shell was chosen as base­ 
line solution. It consists of a set of standard 
elements, 2 m long, easily connectable/disconnect- 
able to or from each other to form as long a 
Pallet as the particular mission requires. The 
experiment and equipment accomodation is provided 
by means of a lining of standard honeycomb panels 
connected to the structural floor or by a large 
honeycomb plate connected to the Pallet edges by 
special fittings. For special pointing accuracy 
requirements an additional platform system with 
coarse and fine gimbal systems and a rate gyro- 
measurement system updated by star tracker data 
can be put up on the Pallet.
Figure 15 gives finally an overall arrangement of 
the Modular Lab with two extension units, a Pallet 
transition unit and two Pallet units. Figure 16 
shows an artists view of that with some outcuts. 
The design of the extension units is not shown, 
since their basic structure is .of the same type as 
the main Module structure, but details are left to 
possible special requirements as an additional heat 
radiation area or special windows.
The defined Modular Space Lab was checked against
accomodation of the different experiment groups and
a preliminary cost assessment was performed.
Figures 17-23 give a sizing and experiment arrange­ 
ment for the disciplines:
Astronomy
Materials Science
Physics
Earth Observation
Life Science
Technology (Fluid Management) and
Space Manufacturing.
This confirms the extreme flexibility of the 
concept.
Cost estimates - to be considered with much cau­ 
tion at such an early stage - indicated that with 
an average configuration of
1 Module
2 Extension Units
1 Enddome
3 Pallets
equalling 1 Flight Unit
the development cost would be roughly 250 Mill AU 
with a production cost of 25 Mill AU and ground 
operations cost/flight of 0.4 Mill AU. The fleet 
size to fulfill the reference mission plan of 
NASA would be 7 flight units with a life time per 
flight unit of 50 missions and/or five years as 
a maximum.
5. CONCLUSION AND OUTLOOK TO THE FUTURE
Figure 24 and Figure 25 summarize the disadvan­ 
tages and advantages of the Modular Space Lab 
concept. The possible disadvantages are few: The 
extension units mean careful consideration of 
connections and a clear attention to the seals in 
the development and operational period. Also the 
development cost are higher than for a simple 
standard Sortie Lab concept in which only the 
basic Module and Pallet are developed.
However, there are a great number of benefits, 
which are the wanted flexibility, experiment and 
user advantages. Also the concept promises through 
best Shuttle utilisation an overall cost optimi­ 
sation for development and operational cost.
The phase A study was delivered in November 1972. 
In December 1972 the European Space Conference 
(ESC), in which the responsible ministers meet, 
authorised its President, the Belgian Minister 
Lefevre, to confirm to the US that Europe would 
supply the Space Lab to the Post Apollo Program, 
if such a program can be undertaken in a finan­ 
cial envelope of 275 Mill AU. Consequently two 
phase B studies are now underway, one under our 
prime contractorshlp with a slightly rearranged 
consortium.
So, hopefully, at the end of this decade the 
artists vision of Figure 26 will come into real- , 
ity. We believe that the Modular Space Lab is the 
best solution for this task. However, the separa­ 
tion of the European funding for development cost 
from the shared US/European funding of the opera­ 
tions in the next decade together with the diffi­ 
cult budgetary situation in the present time, may 
lead to the choice of the cheapest development 
cost solution, which seems to be the standard 
Sortie Lab/Pallet concept.
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CONCEPT PROJECT COST COMPARISON
C1
1SSLWP1
C2 J [
P1 P3
IU1
IL'S'L]
P2
U1
PU
IU1
COST C1 DEVELOPMENT COST
TOTAL PROGRAM
SUBSYSTEM: STRUCTURE
MODULE/EXTENSION 
UNIT SEALED JOINT
FORWARD CONE 
FRAME
FRAME/LONGERON 
DETAIL
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SUBSYSTEM: THERMAL CONTROL
RADIATOR INLET MANIFOLDS 
RADIATOR COILS ————————
EXPERIMENTS COLD PLATE 
WATER ACCUMULATORS 
WATER PUMPS
FREON PIPES 
TO/FROM PALLET
RADIATOR OUTLET MANIFOLDS
—————— PROPORTOINAL VALVE
—————————— CONDENSING Hx
———————————— SENSIBLE Hx
FREON PUMPS & ACCUMULATORS
——————————— INTERLOOP Hx's
——————————————— FUEL CELL
SUBSYSTEM: ENVIRONMENTAL CONTROL AND LIFE SUPPORT
AIR CONDITIONING 
OUTLETS
AIR CONDITIONING 
INLETS
V
CHARCOAL
FILTER ....
L,OH CAN
RECIRCULATION DUCTS
CONDENSING Hx 
SENSIBLE Hx
x TWIN FANS
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SUBSYSTEM: ELECTRICAL POWER
VOLTAGE REGS.
INVERTERS
SYSTEM MONITOR 
UNIT
PRESSURE BUNG
FUEL CELL
BATTERIES
BATTERY CHARGER
GROUND DISCONNECT PANEL
ORBITER DISCONNECT PANEL
COMMUNICATION AND DATA MANAGEMENT SYSTEM
OPERATOR CONSOLE
•M/P-OftMTER 
WTIMACI UMIT
CDMS EQUIPMENT 
RACK
ROCOftMR RACK
INTERFACE UNITS
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OVERALL ARRANGEMENT
MASS PROPERTIES
STRUCTURE INCL. METEOROIDPf<t>T. . 2195 kg 
THERMAL CONTROL ..................... 4-95 kg
COMMUNICATION &PATA MANGT... . 325 kg
ELECTRICAL POWER ................ 1000 kg
ENVIC. CONTROJ- *< LIFE SUPPORT. . . 1000 kg
TOTAL.... 5015 kg
E)OENSION UNIT INCL . MET PROT... 755 kg
PALLET BASELINE CONFIGURATION
AERONAUTICAL SHELL MODULAR CONCEPT
AUXILIARY ACCOMODATION
PANEL
SHUTTLE STANDARD
ATTACH POINTS
(» poi IACH ILIMINT)
STANDARD ACCOMODATION PANELS
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PALLET 
TRANSITION 
UNIT v
PALLET 2m UNITS
3m SORTIE LAB ^ 
2m EXTENSION UNITS
EQUIPMENT BAY
ORBTTER ATTATCHMENT 
PCHNTS FWD
TYPICAL RADIATOR/ 
METEOROID f*NELS
OWMTER ATTATCHMENT 
K3INTS AFT
EXPERIMENTS REMOVED FOJ* CLARITY
STRtNQCR CONSTRUCTION
FINAL MODULE/PALLET CONFIGURATION (MODULAR SYSTEM)
MODULAR ,,SPACE LAB"
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ASTRONOMY
CONCEPT CONFIGURATION 1P3 2U1 
C
1: FIELD MONITOR DISPLAY AND CONTROL UNIT
2: CONTROL DISPLAY TEST RACK
3: X-RAY TELESCOPE
4: X-RAY COUNTER
5: GAMMA RAY SPECTROMETER
6: ASPECT SENSOR
7: SPARK CHAMBER
8: CONTROL GYROS
9: CAMERA REMOVABLE
MATERIAL SCIENCE
CONCEPT CONFIGURATION 1P3 3P/> 
C
MATERIAL ANALYSIS LABORATORY
INSTRUMENTATION AND CONTROL CENTER
ENVIRONMENTAL CHAMBER-C WITH POWER UNIT
ENVIRONMENTAL CHAMBER A WITH INSTALLED
FURNACE
FLUID CHEMICAL AND BIOLOGICAL FACILITY
HIGH TEMPERATURE FACILITY
HEAT REJECTION SYSTEM
GAS BOTTLES
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PHYSICS
CONCEPT CONFIGURATION 1P3.3P4.1U1 
C
INTERFEROMETER /SPECTROMETER,
CONTROL
SENSOR STORAGE
PHYSICS EXPS.CONTROL/DISPLAY RACK
EQUIPMENT ELECTRONICS RACK
MAINTENANCE t CALIBRATION
GAS REACTION IN SPACE
NUCLEAR PARTCLE DETECTORSYSTEM
PARTICLES SENSORS
METEOROID SENSORS 
10 : CAMERA
11-- AMBIENT ENVIRONMENT SENSORS 
12 : GIMBALS FOR MOUNTING SENSORS 
13= SUB-SATELLITE 
14: GASEOUS RELEASE DEVICES 
15: CONTROL GYROS
EARTH OBSERVATION
CONCEPT CONFIGURATION 1P3.4P4. 1U1 
C
MANTENANCE t REPAIR
DATA ANALYSIS
CONTROLS i D»SPtAYS
METRIC I STELLAR CAMERA
MULTISPECTRAi SPECTROMETER
MICRQWA. RAC3AR- ANTENNA MOVABLE
NCRQmRADAR ELECTRONICS
M1CRQWA.RADAR FILM RECORDER
AIRLOCK
SPECIAL PURPOSE POWER SUPPLIES
GAS SUPPLY SYSTEM
PASSIVE MICROWAVE SCANNER MOVABLE
PASSIVE MICROWAVE SCANNER ELECTRONICS
OPTICAL RADAR
SCATTEROMETER SCANNER
SCATTEROMETER ELECTRONICS
PHOTOMETRIC CLUSTER
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LIFE SCIENCE
7-30 DAYS MISSION
CONCEPT CONFIGURATION 1P3, 5P4 
C
WATER RECOVERY 
MEDICAL RESEARCH FACILITY 
PHOTOLABORATORY 
LIFE SUPPORT SUBSYSTEM TEST UNIT 
MAINTENANCE REPAIR & FABRICATION UNIT 
PLANT HOLDING RACKS 
INVERTEBRATE HOLDING RACKS 
ANIMAL HOLDING RACKS 
PLANT RESEARCH SUPPORT UNIT 
BIOMEDICAL MEASUREMENT UNIT 
REST UNITS 
CELLS & TISSUE HOLDING
TECHNOLOGY (FLUID MANAGEMENT)
CONCEPT' CONFIGURATION 1P3 5U1I
1: 72009 TWO PHYSICS DYNAMICS 
2: 72010 CHANNEL FLOW SYSTEMS 
3: 72011 COMCAL FLOW SYSTEMS 
A: 72020 PROPELLANT TRANSFER 
5: 72023 INTERMEDIATE TERM 
CRYOGENIC STORAGE 
6: 72024 INTERFACE STAOLITY
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SPAM-PACKAGE
CONCEPT CONFIGURATION 1P3, 2P4 
MS/MPOV6
1: CQr LASER
2: POWER SUPPLY FOR CQf LASER
3: DISPLAY FOR VACUUM MEASUREMENT
4: VACUUM CHAMBER
5: HF-GENERATOR
6: HEAT REJECTION SYSTEM
7: GENERAL PURPOSE LAB INSTALLATION
DISADVANTAGES OF RECOMMENDED CONCEPT
POSSIBLE HIGHER DEVELOPMENT COST
CONNECTION CHECKS
INSPECTION OF SEALINGS
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BENEFITS OF THE RECOMMENDED CONCEPT
ACCESSIBILITY Q)j ^JJ
FULL DIAMETER AVAILABLE FOR EXPERIMENT INTEGR.fd~|>
GREAT VARIETY OF SPECIAL ELEMENTS ( \ o(BOOMS, WINDOWS ETC 
TRANSPORT
EXCflANGEBILITY
FLEXIBILITY IN ACCOMMOPAT1NG PAYLOADS 
EXPERIMENT INTEGRATION AT USERS SITE 
MINIMUM CHECK OUT TIME IN SHUTTLE 
OPTIMUM UTILIZATION OF VOLUME ———
MINOR STRUCTURAL PROBLEMS CTTD
OPTIMUM SPACE SHUTTLE UTILIZATION
WO NEW LAR6E EUROPEAN TEST
FAC!LITlE5/E/RLy TE.ST RE5ULT5)
OPTIMUM WORK DISTRIBUTION (LOW TIME 5CEDULE fl|5K)
AAAA AMAA A\AAA
n
OGBITER WITH 
MODULAR SPACE LAB
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